A new strongly regular graph  by Mathon, Rudolf & Rosa, Alexander
JOURNAL OF COMBINATORIAL THEORY, Series A 38,84-86 (1985) 
Note 
A New Strongly Regular Graph 
RUDOLF MATHON 
Department of Computer Science, University of Toronto, Toronto, Ontario, Canada 
AND 
ALEXANDER ROSA 
Department of Mathematical Sciences, MeMaster University, Hamilton, Ontario, Canada 
Communicated by the Managing Editors 
Received November 22. 1982 
A combinatorial construction is given of a strongly regular graph with 
parameters (v, k, &,u) = (280, 117.44,52) which was previously unknown. (3 1985 
Academic Press, Inc. 
A strongly regular graph with parameters (u, k, &,u) is a graph with v 
vertices which is regular of degree k, and in which any two adjacent (nonad- 
jacent) vertices are adjacent to exactly 1 (exactly y) other vertices (see, e.g., 
[3]). More generally, an association scheme with d classes consists of a set 
X together with a partition of X X X into {R,, R,,...,Rd} such that (i) R, = 
{(x,x)(xEX}, (ii) R,=Rr, and (iii) there are numbers p: such that for any 
pair (x, v) E R,, we have pb = ]{z 1 (x, z) E Rj and (z, -v) E Rj}I, 
0 < i, j, k < d. The pk are called the intersection numbers and n, = phi are 
valencies of the scheme (see, e.g., [2]). A complementary pair of strongly 
regular graphs forms an association scheme with two classes. 
The complete 3-uniform hypergraph on 9 vertices, K:, has as its edges all 
3-subsets of a g-set. A l-factor of Ki is a set of three (pairwise disjoint) 
edges that partition the set of elements of Ki. The symmetric group S, acts 
as a rank 5 group on the 280 l-factors of Kg as follows: 
For two l-factors F= {fl,f,,f3], G= (g,, g,, g,} of K:, define F. G= 
{fingj:i,jE{1,2,3}}.DefinefurtherfiverelationsR,,i=0,1,2,3,4,on 
the set of l-factors of Ki by: (F, G) E Ri, i = 0, 1,2, 3,4, if the number of 
nonempty sets of F . G is 3, 9, 7, 6 or 5, respectively. It is easily seen that 
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each of the R/S is symmetric, and that for any two distinct l-factors F, G of 
K;, (F,G)ER, f or exactly one i E {0, 1,2, 3,4}. The relations R,, i = 
0, 1,2,3,4, form a 4-class association scheme with the valencies n, = 1, 
n,=36, n2= 162, n,=54, n4 = 27 and intersection numbers pi, 
0 < i,j, k < 4: (pt) = diag(l,36, 162,54,27), 
E= i 1 -12 -436 82 162 -  1 -9 654 6 -3 27 116
f = (1 27 48 120 84). 
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The intersection numbers ps uniquely determine the eigenmatrix E and 
multiplicities f of the scheme (see (21). The ith column of E contains the 
distinct eigenvalues of the adjacency matrix of the graph of Ri andf contains 
the corresponding multiplicities. Let now r be the graph of R, : the vertices 
of r are the 280 l-factors of K;, and two vertices F, G of r are adjacent if 
(F, G) E R,. Thus r is regular of degree 162. Since a regular connected 
graph is strongly regular if its adjacency matrix has three eigenvalues [3] we 
see that r is strongly regular. Its parameters (v, k, A, p) = (280, 162,96, 90) 
are given by k = n2, A = p&, ,u = pi2 = pi2 = p& . The adjacency matrix of 
r has the eigenvalues 162, -6 and 12 of multiplicity 1, 195 and 84, respec- 
tively. The complement of r is a strongly regular graph with parameters 
(280, 117, 44, 52) which has been listed in [l] as unknown. 
It has been checked with a computer that, unfortunately, this graph is not 
geometric. 
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